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Electron  Physics  Tables 

L.  Marton,  C.  Marton,  and  W.  G.  Hall 


The  tables  presented  here  are  intended  as  replacement  of  “Miscellaneous  Physics  Tables — Part  II.  Electronic 
Functions”  (Mathematical  Tables  17  of  the  National  Bureau  of  Standards,  1941).  Eight  parameters  have  been  calculated 
on  the  Standards  Electronic  Automatic  Computor  (SEAC)  and  are  tabulated  with  an  eight  digit  accuracy. 


Introduction 

The  present  tables  of  electron  physics  were 
prepared  to  replace  the  second  half,  called  “Elec¬ 
tronic  Functions”  of  the  “Miscellaneous  Physical 
Tables,  Planck’s  Radiation  Functions  and  Elec¬ 
tronic  Functions”  (MT17)  issued  by  the  National 
Bureau  of  Standards  in  1941.  The  reasons  for 
replacement  are  twofold:  The  old  tables  are 
out  of  print  and  reproduction  without  changes 
of  the  old  and  partly  obsolete  tables  appeared 
to  be  not  advisable. 

The  new  tables  were  prepared  by  adopting 
such  quantities  for  tabulation  which  are  better 
suited  to  changed  requirements  in  physics  and  in 
engineering.  The  quantities  listed  are  the  fol¬ 
lowing: 

V  is  the  potential  difference,  in  absolute  volts, 
that  is  required  to  impart  to  an  electron  initially 
at  rest  a  kinetic  energy  E  expressed  in  electron 
volts.  If  E  is  expressed  in  centimeter-gram- 
second  units  of  energy  (ergs),  then  V  =  (EX 
10-8)/e,  where  e  is  the  electronic  charge  in  elec¬ 
tromagnetic  units.  The  quantity  V  is  numerically 
equal  to  the  quantity  with  the  symbol  T  in  the 
earlier  tables  (in  the  following  denoted  by  MT17). 

In  the  theory  of  relativity  and  in  quantum 
mechanics,  the  Hamiltonian  form  of  the  equations 
of  motion  play  a  dominant  role.  In  this  form 
it  is  the  momentum  p  (rather  than  the  velocity 
v)  which  appears  in  the  equations  of  motion. 
It  is  often  found  convenient  to  determine  the 
value  of  the  momentum  which  is  relativistically 
correct  in  terms  of  a  formula  which  is  of  a  non- 
relativistic  form.  Thus,  if  we  write 

p=(2em0V*)Va  (1) 

where  m0  is  the  rest  mass  of  the  electron,  e  is 
the  charge  of  the  electron  in  emu;  then  V*  may 
be  considered  as  the  “effective  relativistic  po¬ 
tential  difference”  which  is  given  by 

V*=V+^—2V2  (2) 

2raoC 

where  c  is  the  velocity  of  light.  In  addition  to 
the  momentum,  other  quantities  in  this  table 
which  are  functions  of  the  momentum  can  be 


formulated  by  simple  equations  employing  the 
quantity  V*.  Furthermore,  this  quantity  V* 
may  be  utilized  in  many  electron  optical  calcula¬ 
tions  to  make  a  nonrelativistic  formulation  of  the 
“optical  equations”  correct  in  the  relativistic 
region.  This  is  because  the  “optical  equations” 
can  be  obtained  from  a  Fermat-type  variational 
principle  in  which  the  momentum  p  plays  the 
role  of  the  index  of  refraction.1 

The  third  column  illustrates  the  utility  of  the 
quantity  V*  in  a  direct  manner.  It  lists  they 
quantity  Hp ,  the  product  of  the  magnetic  field 
and  the  radius  of  curvature  of  the  path  of  the 
electron  in  the  plane  perpendicular  to  the  field. 
This  quantity  is  used  to  determine  experimentally 
the  momentum  of  the  electron.  In  these  tables 
H  is  expressed  in  oersteds  and  p  in  centimeters.2 
Hp  is  given  by 

ellp=p  (3) 

so  that 

(4) 

The  next  tabulated  quantity  is  X,  the  de  Broglie 
wavelength  of  the  electron  in  the  absence  of  a 
magnetic  field.  It  is  given  bv 

\=-=h(2m0eV*)-*  (5) 

V 

where  h  is  Planck’s  constant. 

The  next  column  contains  p*,  the  momentum 
of  the  electron  in  units  of  m0c.  It  has  been 
pointed  out  repeatedly  in  the  literature  3  that 
p*=p/moC  is  a  very  convenient  quantity  for 
numerical  calculations.  The  following  relation 
was  used  in  computing  these  tables: 


1  W.  Glaser,  Grundlagen  der  Electronenoptik,  p.  50  (Springer  Verlag, 
Wien,  1952). 

2  Readers  who  are  accustomed  to  considering  electrodynamics  as  developed 
from  four  fundamental  quantities,  as  in  the  MKSA  system  of  units,  may 
prefer  the  symbol  B  (in  gausses)  because  they  are  used  to  writing  the  trans¬ 
verse  force  on  an  electron  as  F=evXB.  However,  in  the  3-dimensional 
cgsem  system  of  units  H  and  B  are  indistinguishable  in  vacuum  and  the 
combined  symbols  “//p”  are  deeply  rooted  in  the  literature. 

2  For  instance,  P.  A.  Sturrock,  Static  &  Dynamic  Electron  Optics  (Cam¬ 
bridge  Univ.  Press,  1955). 
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In  the  sixth  column  we  have  tabulated  E*,  the 
kinetic  energy  of  the  electron  in  units  of  its  rest 


energy.  This  is  expressed  by 

£*=— 

raoc2 

(7) 

so  that 

*  £ 

II 

E*=[(p*)  2+l]i/2  1- 

(8) 

The  total  energy  in  these  units  W*  is  tabulated 
in  the  seventh  column.  This  quantity  bears  a 
simple  relationship  to  E*, 

W*=E*  + 1  (9) 

and  is  the  same  quantity  which  is  listed  in  MT17 
under  the  symbol  G 


where  W  is  the  total  energy  in  the  usual  cgs  units. 

The  last  column  contains  f3=v/c ,  the  ratio  of 
electron  velocity  to  light  velocity.  In  taking 
account  of  the  above  listed  equations  the  following 
relationships  are  valid: 


p*=  p*  =  p*  =  /  2eV* 

W*  E*+l  v  2eV*+moC2  '  ' 

The  following  table  1  summarizes  the  notations 
and  equations  used  in  these  tables,  together  with 
a  comparison  with  the  notation  of  the  same 
quantities  used  in  two  other  NBS  publications: 
Mathematical  Tables  17  (Miscellaneous  Physical 
Tables)  and  Applied  Mathematics  Series  13 
(Tables  for  the  Analysis  of  Beta  Spectra). 


Table  1 


Present  tables 

MT  17 

AMS  13 

Potential  difference  (“  volt-energy”)  _  _ 

K=  10-8  —  c2E* 

K=10— ' c2(G-i) 

T=  10-8— c2(e—  1) 

e 

V*=  V4-  eemu  V2 
‘  2m0c2 

e 

e 

“Relativistic  potential  difference” _ 

Magnetic  field 

H 

H 

B 

Radius  of  curvature 

p 

p 

p 

Wavelength  of  the  electron 

Momentum  in  units  of  m0c 

V 

0G 

,=^-=V«2-i 

m0c 

me 

Kinetic  energy  in  units  of  rest  energy. 

E*  =  E/m0c2=  W*—  1 

G-l=T/m0c2 

e —  1 

Total  energy  in  units  of  rest  energy _ 

W*  =  E*+ 1 

e=V  1  — ?j2  =  E/moc2 

Ratio  of  light -to-electron  velocities _ 

f3=v/c 

f}=v/c 

'V 

II 

H 

<31 

Charge  of  the  electron 

e 

e 

e 

Rest  mass  of  the  electron 

mQ 

m0 

m 

Velocity  of  the  electron  _  _ 

V 

V 

V 

Momentum  of  the  electron 

p  =  eHp 

P=  m0cpG 

V 

Kinetic  energy 

T=m0c2(G—  1) 

Total  energy 

W  =  m0c2  W* 

E=m0c2G 

E—  mc2e 

The  values  of  the  fundamental  constants, 
adopted  in  the  computation  of  these  tables,  are 
the  ones  given  by  “Least-square  adjustment  of 
the  atomic  constants,  1952,”  by  J.  W.  M.  DuMond 
and  E.  R.  Cohen,  Reviews  of  Modern  Physics  25, 
691-708  (1953).  They  are  as  follows: 

c=  (2.997929  ± 0.000008)  X1010  cm  sec"1 
e=  (1.60207  d=  0.00007)  X 10-20  emu 
m0=  (9. 1085  ±  0.0006)  X 10-28  g 
h=  (6.6252  ±  0.0005)  X10"27  erg  sec. 


These  values  were  the  most  recent  ones  at  the 
time  the  computations  were  started.  Two  crit¬ 
ical  reviews  of  the  atomic  constants  were  pub¬ 
lished  after  completion  of  the  computations.4,5 
Both  show  changes  in  the  above  quoted  values 
by  1  or  2  units  in  the  last  significant  figure  and 
reduce  considerably  the  probable  error.  Sur¬ 
prisingly  the  new  values  bracket  the  ones  used 
in  the  computation  as  shown  below: 

4  A  survey  of  atomic  constants,  J.  A.  Bearden  and  J.  S.  Thomsen  (The 
Johns  Hopkins  University,  Baltimore,  Md.,  1955). 

5  E.  R.  Cohen,  J.  W.  M.  DuMond,  T.  W.  Layton,  and  J.  S.  Rollett, 

Rev.  Mod.  Phys.  27,  363  (1955). 
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Table  2 


DuMond  &  Cohen, 
1953 

Bearden  &  Thomsen, 
1955 

Cohen,  DuMond,  et  al., 
1955 

c 

2.  997929  ±  0.  000008 

1.  60207  ±0.  00007 

9.  1085  ±0.  0006 

6.  6252  ±0.  0005 

2.  997928  ±0.  000004 

1.  60209  ±0.  00003 

9.  1086  ±0.  0003 

6.  6254  ±0.  0002 

2.  997930  ±0.  000003 

1.  60206  ±0.  00003 

9.  1083  ±0.  0003 

6.  62517  ±0.  00023 

e_  _ 

W0 - 

h _ 

For  computational  purposes  the  constants,  as 
given  by  DuMond  and  Cohen,  were  regarded  as 
exact  and  the  numerical  values  of  the  different  re¬ 
quired  combinations  of  these  constants  were  car¬ 
ried  to  10  significant  figures.  Substitution  of 
these  numerical  values  in  the  above  equations 
leads  to  the  following  expressions  used  in  the  com¬ 
putation  of  the  tables: 

V*=  U+0.9785025081  X  10“6X  V2 
Hp= 3.372078569XU** 

\=  1 .226365205  X  10~7X  V*”* 

=  1.978385713  X  10~3X 
#*= 1 .957005016  X  10~6X  V 
W*=E*+l 
P=p*/W*. 

The  calculation  of  the  tables  were  carried  out  on 
the  National  Bureau  of  Standards  automatic 
digital  computer,  SEAC.  Each  of  the  eight 
tabulated  quantities  is  given  to  eight  significant 
figures.  The  numbers  in  parenthesis  indicate  the 
power  of  10  by  which  the  tabulated  values  are  to 
be  multiplied.  The  last  digit  of  each  column  is 
automatically  adjusted  by  SEAC  to  the  nearest 
approximation  depending  on  the  values  of  the 
figures  beyond  the  8th  which  are  cut  off  by  the 
machine.  A  consequence  of  this  process  is  that 
beyond  U=5.3X109  ev  the  values  of  0  appear 
uniformly  as  1.0000000.  The  list  of  values  for  0 
is  not  very  informative  for  the  values  of  V  on 
several  pages  prior  to  the  5.3  X109  ev  entry.  To 
remedy  this  defect  of  the  computing  procedure  an 
auxiliary  table  is  given  below  for  selected  values 
of  |8.  In  table  3 ,  /3  is  listed  to  eight  significant 
figures  beyond  the  required  number  of  nines. 
This  does  not  mean  that  (3  is  given  by  more  than 
eight  significant  figures  but  rather  that  /3  has  been 
expressed  as  1  —abcdefghX  10-w, where  the  a  through 
h  are  the  numerical  values  of  eight  figures  and 
n  is  some  number  of  the  order  of  10.  For  the  cal¬ 
culation  of  this  table  the  last  part  of  eq  (11)  was 
developed  into  a  binomial  series. 

2eV*  ly2-(  aV*  Y  (a  h  Y* 
2eV*+m0c 2\  V+aW 

b  362  5  63  3554 

2aV*^8(aV*)2  16(aF*)3+128(aF*)4 

(12) 


Using  the  proper  conversion  factors  the  values  of 
a  and  b  (omitting  units)  are  as  follows: 

a=3.20414X10"12 
6  =  8.18633568  X 10-7. 


Table  3 


V 

y * 

0 

9.6111732X  106 

1. 0000000  X108 

0.92  __ 87249804 

1. 0000000  X107 

1.0785025 

0.92  _  .88176226 

1.0917842 

1.2755464 

0.93  __  00000000 

3.1461361 

1. 0000000  X109 

0.93  -.87227825 

3.5622007 

1.2772706 

0.94  __  00000000 

1.0000000  XI 08 

9.8850251 

0.94  -- 87077298 

1.0058283 

1. 0000000  X1010 

0.94  __  87225622 

1.1374900 

1.2774431 

0.9s  00000000 

3.1917205 

1. 0000000X10“ 

0.9s  _- 87225402 

3.6081000 

1.2774603 

0.96  00000000 

1. 0000000  X109 

9.7950251 

.- 86958076 

1.0104144 

1. 0000000  X1012 

87225380 

1.1420860 

1.2774620 

0.97  _- 00000000 

3.1963153 

1.0000000X1013 

87225378 

3.6126979 

1.2774622 

0.9g  _- 00000000 

1. 0000000  X1010 

9.7860251 

86946056 

1.0108741 

1. 0000000  X1014 

87225378 

1.1425459 

1.2774622 

0.9g  __  00000000 

3.1967751 

1. 0000000  X1015 

87225378 

3.6131577 

1.2774622 

0.9io-  -00000000 

1. 0000000  X1011 

9.7851251 

86944855 

1.0109201 

1. 0000000  X1016 

87225378 

1.1425918 

1.2774622 

0.9„- .00000000 

3.1968211 

1. 0000000  X1017 

87225378 

3.6132037 

1.2774622 

0.9i2- -00000000 

1. 0000000  X1012 

9.7850351 

86944735 

1.0109247 

1. 0000000  X1018 

87225378 

1.1425964 

1.2774622 

0.913- -00000000 

3.1968257 

1. 0000000  X1019 

87225378 

3.6132083 

1.2774622 

0.9u_  00000000 

In  MTU,  the  predecessor  of  these  tables,  means 
were  offered  to  correct  the  tabulated  values  in 
case  of  changes  in  values  of  the  fundamental 
constants.  No  such  shortcuts  are  offered  here, 
although  an  inspection  of  (1)  to  (11)  shows  that 
for  certain  tabulated  quantities  the  corrections 
apply  quite  easily.  The  lack  of  listing  of  short¬ 
cuts  is  due  to  our  improved  knowledge  of  the 
fundamental  constants  and  to  the  degree  of  in¬ 
ternal  consistency  achieved  in  our  knowledge.  It 
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is  reasonably  safe  to  predict  that  future  changes 
will  not  affect  more  than  the  last  significant  figure 
in  our  present  listing  and  even  that  last  significant 
figure  may  not  change  more  than  2  or  3  units. 
Any  such  changes  will  affect  the  last  4  or  5  digits 
of  the  tables  presented  here,  which  for  most  prac¬ 
tical  uses  is  entirely  negligible.  The  question 
then  may  be  asked:  Why  list  8  significant  figures 
when  the  last  4  or  5  of  these  are  insecure?  The 
answer  is  that  small  changes  in  the  values  of  the 
constants  do  not  affect  the  incremental  steps  be¬ 
tween  the  tabulated  values,  and  the  knowledge  of 
the  increments  to  the  extent  of  number  of  tabu¬ 
lated  figures  can  be  of  great  help  for  rapid  evalua¬ 
tion  of  an  experiment  or  of  a  theory. 

In  order  to  facilitate  interpolation,  each  of  the 
quantities  was  treated  as  an  independent  variable 
at  selected  intervals  and  the  values  of  the  other 
quantities  were  determined  from  it.  For  instance, 
in  the  V  column,  values  were  chosen  at  fixed 
intervals,  and  the  quantities  in  the  other  columns 


were  calculated  and  listed.  The  selected  intervals 
are  as  follows 

Range  Interval 

1 X  10”  to  3X 10”  0.1 

3X10”  to  5X10”  0.2 

5X10”  to  1X10”+1  0.5 

and  are  the  same  for  each  decade  and  for  each 
column.  In  the  X  column  the  same  intervals 
were  chosen  and  the  quantities  in  the  other  col¬ 
umns  were  evaluated  from  them.  In  a  similar 
manner  selected  values  in  the  various  columns 
were  considered  as  independent  variables  from 
which  the  quantities  in  the  other  columns  were  | 
determined.  Therefore,  in  reading  up  or  down 
any  given  column  one  finds  an  interlacing  of 
quantities  which  are  the  independent  variables 
and  the  dependent  variables.  This  is  the  reason 
why  two  sets  of  intervals  in  the  same  column  are 
not  necessarily  equal,  but  there  are  cycles  in 
every  column  for  which  the  intervals  are  equal. 
These  cycles  can  be  ascertained  at  a  glance,  and 
so  interpolation  in  any  column  is  then  a  rather 
straightforward  operation. 

; 
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We  are  indebted  to  M.  Abramowitz,  R.  W.  Hayward,  L.  B.  Leder, 
H.  Mendlowitz,  and  F.  B.  Silsbee  for  critical  reading  of  the  manuscript. 
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